The article introduces the achievements and challenges in the research on the soil biology of Vietnam. It is focussed on microfauna, mesofauna and macrofauna, including families of arachnids (Arachnida), chilopods (Chilopoda), diplopods (Diplopoda), insects (Insecta), oligochaetes (Oligochaetes), and nine orders. 
Introduction
Vietnam has been regarded as one of the 16 countries containing the highest biodiversity values in the World. The discovery of a large animal, the Sao la (Pseudoryx nghetinhensis) in 1993 from Vietnam, has received great attention not only from scientists but also from public media, globally (World Conservation Monitoring Centre, 1992) . This forest-dwelling bovine, Saola, Vu Quang ox, or Asian bicorn, also, infrequently, is one of the world's rarest large mammals, found only in the Annamite Range of Vietnam and Laos.
The above-mentioned example of Saola is about a large mammal; and how about the animal communities that live in the soil of Vietnam? Soil biology is the science of the study of microbial and faunal activity and ecology in soil. Soil life, soil biota, soil fauna or edaphon is a collective term that encompasses all organisms that spend a significant portion of their life cycle within a soil profile or at the soillitter interface. Generally, soil animals are ranged according to their size as microfauna, mesofauna, macrofauna and megafauna, with 20-200 µm, >0,2-2,0 mm, >2,0-20,0 mm and >20,0 mm, respectively (wikipedia.org/wiki/Soil_ biology). The studies of soil animals in Vietnam were firstly carried out by Thai Tran Bai and his colleagues in the 1970-1980s of the last century [1] . As a result, it is found that Vietnam's soil fauna is extremely diverse and has a great biodiversity. In general, our understanding about the soil animals of Vietnam are not enough and still insufficient [2] [3] [4] [5] [6] . This paper introduces the achievements and challenges in research on the soil fauna of Vietnam. It is focussed on soil microfauna, mesofauna and macrofauna such as arachnids (Arachnida), chilopods (Chilopoda), diplopods (Diplopoda), insects (Insecta), and oligochaetes (Oligochaetes) [7, 8] . Basing on the case study of the oribatid mites (Oribatida) fauna, it also proposes further research directions for soil biology to address climate environment change in Vietnam [9] .
Soil fauna diversity in Vietnam

Spiders (Arachnida: Araneida)
Vietnam's spider (Arachnida: Araneida) fauna was first undertaken by Simon (1886 Simon ( , 1903 Simon ( , 1904 Simon ( & 1909 [10] ).
At present, 491 spider species (Arachnida: Araneida) belong to 219 genera and 43 families are known from Vietnam (Table) . It is probably that many of them are endemic, and further study on spider fauna, not only from Vietnam but also from other Asian Southeast countries, particularly Laos and Cambodia, is needed to be carried out. 
Scorpions
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Oribatei) community in Northern Vietnam' defended successfully at the Sofia University St. Kliment Ohridski (Bulgaria), for a PhD title. In this work, the author has identified 73 oribatid species from northern Vietnam, including 39 that were recorded as new for the fauna of Vietnam and 7 species described as new for science [15] . In the monograph entitled 'Fauna of Vietnam T. 21 . Acari: Oribatida', the author has included 150 Oribatid species and subspecies known to be found in Vietnam, including 44 species, which represent new records for the fauna of Vietnam [16] .
In the base of the studies carried out in Vietnam during the period of 1979 until 2014, and based on the oribatid materials obtained throughout the country, it is found that the oribatid fauna of Vietnam is represented by 320 species (including four subspecies) belonging to 163 genera, 64 families (including two subfamilies) and 30 super families. It is highly diversified, with a high number of species with limited distribution; 34.68% of the total number are probably endemic species. One hundred and fifty-five species, representing 48.44% of the total oribatid fauna, were recorded for the first time as part of the fauna of Vietnam (Table) . The oribatid fauna of Vietnam occupies 3.09% (320 vs. 10,342 species), 13.05% (163 vs. 1,249 genera) and 38.0% (62 vs. 163 families) of the World oribatid fauna [9, [16] [17] [18] [19] [20] .
Recently, the Russian colleague Sergey G. Ermilov and his foreign collaborators have made an important contribution to the knowledge of the oribatid mite fauna of the Southeast and Southwest of Vietnam. Ermilov (2015) introduces a list of 535 oribatid mites (Acari: Oribatida) species of Vietnam, from 222 genera and 81 families [21] . However, some of their oribatid specimens have been obtained by unofficial lines, and Ermilov rarely collected materials by himself in the field. Some of their data on the geographical locations, names of locations and natural conditions of Vietnam have been obtained from illegal sources [22] . Particularly, the administrative maps of the socialist republic of Vietnam in their publications were presented wrongly, lacking islands and the island regions [21, 23, 24] . Therefore, the data on Vietnam's oribatid mites given by the Russian colleague Sergey G. Ermilov must be checked and revised carefully before consulting them [21] . Even so, although lacking knowledge of Vietnam's nature, this is an encouraging attempt by the Russian colleague on the study of oribatid mites of Vietnam, and it confirms the importance of studying about soil animals in Vietnam.
Centipedes (Myriapoda: Chilopoda)
In 2013, on the base mainly of the literature, the centipede (Chilopoda) fauna of Vietnam was introduced by Tran, Le, Nguyen [25] . As a result, a total of 71 species belonging to 26 genera and 13 families of four orders, namely Scolopendromorpha, Geophilomorpha, Lithobiomorpha and Scutigeromorpha, has been registered from Vietnam (Table) . Four genera, Tonkinodentus, Alluropus, Anopsobiella and Megalacrus, are monotypic, and twenty-two species as well as subspecies are known only in Vietnam.
Millipedes (Myriapoda: Diplopoda)
In 2004, the millipede (Diplopoda) fauna of Vietnam was firstly reviewed by Enghoff, Henrik, Golovatch and Nguyen Duc Anh (2004) (after Enghoff, et al., 2004 [26] ). As a result, a list of 136 millipede species belonging to 74 genera and 28 families were introduced (Table) .
Springtails (Insecta: Collembola)
Being one of the main components of soil microarthropods (Microarthropoda), springtails or collembolans as well as oribatid mites are subject of numerous research works in almost every region all over the world. In Vietnam, the study on the collembolans fauna are insufficient [2, 3, 17] .
Faunal-ecological studies on collembolans fauna have been carried out continuously by Vietnamese specialists [27] [28] [29] . Untill the present, the collembolan fauna (Apterygota: Collembola) of Vietnam are represented by 132 species belonging to 62 genera and 18 families (Table) .
Ants (Insecta: Hymenoptera)
The ant fauna (Hymenoptera: Formicoidea: Formicidae) [31] (Table) .
Earthworms (Annelida: Oligochaeta)
Vietnam's earthworm fauna was firstly investigated by Edmond Perrier (1872 & 1875) with a description of Perionyx excavatus Perrier, 1872, and then with the second species Amynthas juliani (Perrier, 1875). Additionally, earlier there was a record of 2 species, namely Metaphire posthuma (Vaillant, 1868) (as Perichaeta affinis Perrier, 1872) and Pheretima houlleti.
Introduction
The case study of the oribatid mites (Acari: Oribatida) fauna of Vietnam has been carried out during the period of 1977 until now [9] . The investigation on the oribatid mites (Acari: Oribatida) of 
Results and discussions
Based on the studies carried out in Vietnam during the period of 1979 until now, and based on the oribatid materials obtained throughout the country [9] , the most important results obtained are as follows:
1. Up to December 2014, the oribatid fauna of Vietnam is represented by 320 species (including four subspecies) belonging to 163 genera, 64 families (including two subfamilies) and 30 superfamilies. It is highly diversified, with a high number of species with limited distribution; 34.68% of the total number are probably endemic species. One hundred and fifty-five (155) species, representing 48.44% of the total oribatid fauna, were recorded for the first time for the fauna of Vietnam. The oribatid fauna of Vietnam occupies 3.09% (320 vs. 10,342 species), 13.05% (163 vs. 1,249 genera) and 38.0% (62 vs. 163 families) of the World oribatid fauna.
2. According to the number of families, genera, species and subspecies recorded, the systematic structure of the oribatid fauna of Vietnam is diverse. However, the number of genera per family, as well as the number of species and subspecies per genus, is not high. Almost all the families consist of one or 2-3 genera (42.2% and 39.1%, respectively, of the 64 families and subfamilies). A majority of the genera are represented by one species (68.10% of the 163 genera). Only one family is represented by more than 10 genera, i.e. the family Oppiidae Grandjean, 1954, with 23 genera. Only two genera are represented by more than 10 species: Galumna Heyden, 1826 and Pergalumna Grandjean, 1936, represented by 13 and 11 species, respectively. It is shown that P. arboriseta Jeleva et Vu is clearly a species distinct from P. hirsutus (Aoki 1961) (after Vu Quang Manh, 2015 [9] ). 6 . The diversity analysis of oribatid communities in various habitat types shows that the most particular and distinctive communities are formed in natural forests; under agricultural intensification and in human-disturbed habitats these communities are changed, with communities in grasslands and shrubs occupying an intermediate position between natural forests and human-affected habitats. The habitat of the grasslands and scrubs can play the role of a transformational ecosystem for reestablishment of the soil oribatid mite community. A tendency for formation of two distinct oribatid communities in the two main soil types studied (alluvial and ferralitic) is detected. It is possible that the soil type plays a major role in determining the species composition of the oribatid communities. Three oribatid species, namely Tectocepheus velatus (Michael, 1880), Scheloribates praeincisus (Berlese, 1916) and Lamellobates ocularis (Jeleva et Vu, 1987) , are the most widespread and most persistent species of northern Vietnam. They can be considered as bioindicators of disturbed soil ecosystems.
Future research direction for soil fauna in Vietnam
Recently, the major soil animal groups that have been studied in Vietnam include nine orders (1) 
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(Oribatida), (4) centipedes (Chilopoda), (5) millipedes (Diplopoda), (6) springtails (Collembola), (7) ants (Hymenoptera: Formicidae), (8) termites (Isoptera), and (9) earthworms (Oligochaeta). They belong to five animal classes, namely (I) Archnids (Arachnida), (II) Centipedes (Chilopoda), (III) Millipedes (Diplopoda), (IV) Insects (Insecta), and (V) Earthworms (Oligochaeta). Until this moment, the soil fauna diversity of Vietnam is known with 1,809 species and subspecies, belonging to 687 genera and subgenera, and 195 families and subfamilies (Table) .
The number of soil animal species identified decreases in the following order: (1) Araneida: 491 > (2) Oribatida: 320 > (3) Hymenoptera: Formicidae: 307 > (4) Oligochaeta: 212 > (5) Diplopoda: 136 > (6) Collembola: 132 > (7) Isoptera: 101 > (8) Chilopoda: 71 > (9) Scorpionida: 39 (Table) . The order mentioned above does not mean that the species diversity of those soil animal is different in soil ecosystems, but it is only in relation to the level of research of each soil animal group in Vietnam.
In general, our understandings on soil fauna of Vietnam are insufficient [2, 7, 8, 35, 36] . Therefore, further research on soil biology in Vietnam will include the following five main directions:
1. Study the biodiversity of soil organisms. 
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